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Description 

BACKGROUND OF THE INVEi^lQN 

5 [0001] This invention relates to a method for preparing a sputtering target for use in formation of conductive thin 
films on semiconductor elements such as LSI chips and th lik . and more particularly it relates to a method for prepar- 
ing a sputtering target by which thid^ess of the thin films can be uniformed and by which scatter of sheet resistance in 
the thin films can be minimized. 

[0002] For example, in manu^cturing MOS type LSI gate electrodes, conductive thin films of a high-melting metal 
10 or the like are formed on the surfaces of LSI chips. As a means for forming the thin films, a sputtering process Is usually 
applied. 

[0003] In this case, a suitable sputtering target is selected from ones having various morphologies in compliance 
with a Kind of thin films to be formed. 

[0004] For example, when the thin film is formed with a single metal prepared by a melting process, there is used , 
75 as the sputtering target, a single block comprising a metal prepared by the melting process and having an optional 
shape such as a disk plate, a rectangular plate or the like on the whole, or a combined block having an optional shape 
such as a disk plate, a rectangular plate or the like on the whole and comprising a combination of plural wedge-shaped 
units composed of the above-mentioned metal. 

[0005] Further, when the thin films are formed with an alloy such as a silicide. there is used, as the sputtering target. 

20 an alloy block comprising an alloy prepared by the melting process and having an optional shape such as a disk plate, 
a rectangular plate or the like on the whole, or a combined block having an optional shape such as a disk plate, a rec- 
tanguar plate or the like on the whole and comprising an optional combination of plural wedge-shaped or square bar- 
shaped single blocks composed of metals constituting the alloy prepared by the melting process. 
[0006] Now, important requirements regarding a sputtering process are that film resistance (sheet resistance. Q/n) 

25 of a formed thin film must not exceed a standard level and that scatter of sheet resistance values at certain positions on 
the surface of the formed thin film is nanow. Incidentally, the sheet resistance may be measured in accordance with a 
four-probe metiiod. 

[0007] Journal of Vacuum Science & Technology A, vol. 3, no. 6 Nov-Dec 1985, pages 2152-2160 discloses pre- 
paring a sputtering target from a Ni-6at.% Au alloy which is prepared in turn by arc melting and subsequent levitation 
30 melting in an induction furnace. The material is then rolled and rectangular specimens cut from It which are subjected 
to metallographically polishing and then solution annealing. The average size of the metal grains in the specimens 
obtained Is 38 ^m. 

[0008] JP-A-61 116 835 discloses preparing a sputtering target formed from an alloy which is of high purity and 
possesses ultra-fine crystal grains. The alloy includes Si as an essential ingredient together witii at least two metals 
35 which may be chosen from Mo. W. Ti or Ta. The Si exists within tiie alloy as a silicate having a grain diameter of 0.5-1 
mm. 

[0009] Erzmetall 38 1985 No 3 discloses the production of sputtering targets using powder-metallurgical tech- 
niques. Targets are formed from a conrpacted starting material which is tiien subjected to sintering at around 2000''C. 
The resulting sintered bodies are then subjected to deformation by processes such as forging or rolling followed by a 
40 heat treatment under vacuum in order to control the grain size to be less tiian 2000 grains/mm^. 

SUMMARY OF THE INVENTION 

[001 0] It is an object of tills invention to provide a method for preparing a sputtering target by which its sheet resist- 
45 ance can be easily controlled below a standard level and by which tiiin films can be formed in which scatter of sheet 
resistance values measured at different positions on the surfaces thereof is narrow. 

[001 1 ] The inventors of the present application have researched on a sputtering target itself and a case of scatter 
of sheet resistance witii the intention of achieving the above object, and as a result, tiiey have found ttie following fact. 
[0012] That is, this fact is tiiat sheet resistance values of a formed tiiin film vary witii thickness of ttiis film. There- 
50 fore, in the case that the thickness of ttie thin film is different at optional positions thereon, tiie sheet resistance of tiie 

thin film is naturally scattered. 

[001 3] Furthermore, tiie investigation about the target has elucidated the following fact. 
[0014] That is, this fact is tiiat when a size and crystalline orientation of crystal grains of a metal or an alloy consti- 
tuting the target are different, its amount sputtered tiierefrom is also different; in other words, that thickness of tiie tiiin 
55 film formed on an element disposed above the target is affected by the size and tiie crystalline orientation of tiie crystal 
grains of the metal or the alloy constituting tiie target. However, when the metal or tiie alloy constituting tiie targ t is 
single crystals, tiie crystalline orientation of the target is constant, and therefore the tiiickness of tiie formed tiiin film is 
not affected at all thereby. 
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[001 5] In consequence, if the target is a disk-like or rectangular plate-like single block or alloy block prepared by a 
melting proc ss and if crystal grains of the metal or the alloy constituting the block are different in size at certain posi- 
tions in the block, sputtering amounts from the respective positions are not uniform and the thickness of the formed thin 
film also Is different at certain positions thereof. Moreover, in the case that the target is a combined block, the thickness 
5 of the formed thin film differs variously at certain positions thereof owing to the influence of the scatter of the sputtering 
amount due to the different size of the crystal grains in each wedge-like or rod-like blocK and further of the different 
sputtering amounts among the blocks. 

[001 6] On the basis of such knowledge, the present inventors have intensively researched on relations between the 
size of the crystal grains consitituting the target and the scatter of the sheet resistance values, and as a result, they have 
10 found that the smaller the size of the crystal grains is, the narrower the scatter of the sheet resistance values te. and 
above all, they have found that the target composed of a metat or an alloy in which the average size of the crystal grains 
is 1 mm or less and more than 1 ^m, i.e., between 1 ^m and 1 mm is extremely useful, and thus the target prepared by 
this invention has been developed. 

[0017] That is, the invention provides a method for preparing a sputtering target for a semiconductor according to 
15 Claim 1. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] 

20 

Figs. 1 to 3 are perspective views illustrating tiie whole shapes of sputtering targets prepared by this invention. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 

25 [001 9] Examples of tiie metals constituting tiie sputtering target prepared by tiiis invention include Mo. W. Ta, Nb. 
Ti. Ni. V and Cr, and examples of the alloys include various combinations of suitable ones of these metals. 
[0020] The above-mentioned metal or alloy is prepared by the undermentioned procedure so that tiie average size 
of its crystal grains may be between 1 ^m and 100 ^m. On the other hand, when the average size of the crystal grains 
is less than 1 ^m, the crystal grains themselves are sputtered, so tiiat tiie scatter of tiie sheet resistance of the formed 

30 thin film is similarly worsened. 

[0021 ] This average grain size can be determined by first counting the number of crystal grains in a visual field of a 
microscope, then calculating an average area of one crystal grain, and seeking an average diameter of the one crystal 
grain. The number (NA) of the crystal grains per unit area can be measured in tiie following manner: 
In a microphotography showing metallic structure, tiie number (NW) of the crystal grains completely contained in a cer- 

35 tain circle having an area A and the number (Ni) of the crystal grains partially contained therein are first counted. In this 
case, it is suitable that the sufficient number of tiie crystal grains (e.g.. 30 grains or more) is present in tiie circle. Then, 
the total number (NT) of the crystal grains can be given by the following formula: 

NT = NW+ 1 Ni 

Therefore, the formula of NA s NT/A can be derived. Then, the average area per tiie one crystal grain can be calcu- 
lated by A/NA. A diameter of tills average area is the desired average grain diameter. 
[0022] The target can be manufactured as follows: 

In the first place, a selected metal or alloy is melted in accordance with a vacuum melting process such as an EB(elec- 
45 tron beam) melting process or an arc melting process. Then, the resulting melt Is cooled to form an Ingot having a pre- 
determined shape, and the ingot is subjected to forging and rolling. Aftenvard, it is furtiier mokied Into a single block 
having a predetermined shape such as a disk, a rectangular plate, a wedge or a square bar. 
[0023] The size of the crystal grains of tiie metal or the alloy constituting the target can be adjusted by suitably 
selecting a working ratio in the steps of tiie forging and roiling. For example. In the case of an Mo target, a working ratio 
50 of 50% or more in the steps of from the ingot to the single block can suitably provide the desirable grain diameter. 
[0024] The crystal grains in the single block are stretched In a longitudinal direction of tiie ingot by the forging and 
rolling, so tiiat the grains take a fibrous structure. However, during tiie steps of tiie forming and rolling, strain is accu- 
mulated in the Ingot, and recrystallized grains are formed by a subsequent heat treatment at a recrystalllzation temper- 
ature or higher, with this strain functioning as a nucleus. Consequently, tiie recrystallized grains are present as fine 
55 crystal grains in tiie ingot. 

[0025] In tiie last place, the worked single block is subjected to a heat treatment at its recrystalllzation temperature 
or higher In order to obtain tiie desired target of the single block. 

[0026] The tiius manufactured rectangular plate-like single block or disk-like single block as shown in Rg. 1 may be 
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directly mounted in a sputtering apparatus. In the case of the wedge-like or square bar-like single blocks, they may be 
combined suitably so as to prepare such a disk-like combined block as shown in Fig. 2 or such a square rod-like com- 
bined block as shown in Fig. 3. Then, the combined block can be similarly mounted in the sputtering apparatus. 



5 ExampI 1 and Comparative Examples 1 to 3 

[0027] An Mo sintered body was melted by an EB melting process, and the resulting melt was worked to prepare 4 
piece of Mo ingots. Then, the respective ingots were subjected to forging and rolling In different working ratios, and a 
recrystallization heat treatment was then carried out to prepare disk-like targets having different average size of the 
crystal grains. Working ratios were about 90% in Example 1 , about 70% in Comparative Example 1 , about 45% in Com- 
parative Example 2 and about 30% in Comparative Example 3. 

[0028] These targets were used, and Mo thin films having a thickness of 300 nm (3.000 A) were formed on Si 
wafers having a diameter of 13 cm (5 inches), thereby preparing 350 sheets of LSI chips. For all of the thus formed thin 
films, sheet resistance was measured, and its average value was sought. In addition, a yield of the LSI chips was cal- 
culated. 

[0029] Further, from a maximum value, a minimum value and the average value of the sheet resistance, scatter of 
the sheet resistance in each thin film was calculated by using the following formula: 



10 



15 



20 



maximum value - minimum value 
average value 



X 100 (%) 



These results are together set forth in the table 1 . 
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Table 1 





Working ratio 
(%) 


Average size of 
crystal grains (mm) 


Sheet resistance (O/a) 


Yield of LSI 
chips (%) 








Average (n/a) 


Scatter (%) 




Example 1 


about 90 


0.08 


2.7 


8.5 


98 


Comparative Example 1 


about 70 


0.5 


2.8 


16 


92 


Comparative Example 2 


about 45 


2 


3.7 


20.8 


87 


Comparative Example 3 


about 30 


15 


5.0 


32 


84 



[0030] As is apparent from the above explanation, the sputtering target prepared by this invention can decrease 
scatter of sheet resistance of formed thin films, so that LSI chips can be manufactured in a high yield. Therefore, It is 
40 fair to say that the sputtering target prepared by this Invention can possess great industrlcal values. 

Claims 



1 . A method for preparing a sputtering target for a semiconductor comprising at least one block composed, of a single 
metal or alloy in which the average size of the crystal grains is 1-100 ^im, comprising the steps of: 

melting the metal or the alloy by vacuum melting; 
cooling the melt to form an ingot; 

forging, rolling and molding the ingot to form it into a target; and 

subjecting the target to a re-crystallization heat treatment to obtain the sputtering target, said metal being at 
least one of Mo. W, Ta, Nb. Ti, V and Cr. 

2. A method according to claim 1 . wherein said vacuum melting process is an EB (electron beam) melting process. 

55 3. A method according to daim 1 . wherein said alloy is a sHicide of at least one metal selected from the group consist- 
ing of Mo, W. Ta. Nb. Ti. V and Cr. 
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4. A method for forming a thin film as part of a LSI chip which conrprises the steps of preparing a sputtering target 
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according to any of claims 1*3, and depositing the thin film by sputtering the sputtering target. 
PatentansprOche 

5 1 . Verfahren zur Herstellung eines Zerstdubungstargets fur einen Halbleiter. das wenigstens einen Block umfalBt, der 
aus einem einzelnen Metall.oder einer Legierung besteht. in dem die durchschnittliche GrOSe der KristallkOrner 1 
bis 100 \}jm besteht, unnlassend die Stufen: 

Schmelzen des Metalles Oder der Legierung durch Vakuumschmelzen; 
10 AbkOhlen der Schmelze zur Bildung eines Schmelzbarrens; 

Schmieden, Walzen und Formen des Barrens, urn ihn zu einem Target zu verformen; und 

UntenAferfen des Targets einer Rekristallisations-Wdrmebehandlung. urn das Zerstflubungstarget zu erhalten, 

wobei das Metall wenigstens eines der Metalle Mo. W. Ta, Nb, Ti, V und Cr ist. 

75 2. Verfahren nach Anspruch 1 , worin das Vakuumschmelzverlahren ein EB (ElektronenstrahQ-Schmelzverf^ren ist 

3. Ein Verfahren nach Anspruch 1. worin die Legierung ein Silicid aus wenigstens einem Metall ist, ausgew&hit aus 
der Gruppe, die aus Mo, W, Ta. Nb, Ti, V und Cr besteht. 

20 4. Verfahren zur Bildung einer Ounnschicht als Teii eines LSI-Chips, gekennzeichnet durch die Stufen der Herstellung 
eines Zerstdubungstargets nach den AnsprOchen 1 bis 3. und der Abscheidung einer DQnnschicht durch Zerstdu- 
bung des Zerstdubungstargets. 

Revendicatlons 

25 

1 . M^thode de pr^aratlon d'une cible de pulverisation cathodique pour un semi-conducteur conprenant au moins un 
bloc compost d*un m§tal unk^ue ou d'un alliage, dans lequel la taille moyenne des grains de cristal est de 1 d 100 
^m, comprenant les stapes : 

de fusion du m^tal ou de Talliage par fusion sous vkie ; 
de refroidissement de la masse fondue pour former un lingot ; 
de fbrgeage, de roulement et de moulage du lingot pour le transformer en une dble ; et 
de soumission de la cible k un traitement thermk^ue de recristalltsation pour obtenir ta able de pulverisation 
cathodique. ledit m^tal etant au moins Tun des elements Mo. W. Ta. Nb. Ti. V et Cr. 

Methode selon la revendication 1 . dans laquelle ledit processus de fusion sous vide est un processus de fusion par 
faisceau eiectronkiue (EB). 

3. Methode selon la revendication 1 , dans laquelle ledit alliage est un siliciure d'au moins un metal choisi dans le 
40 groupe constitue de Mo. W. Ta. Nb. Ti, V et Cr. 

Methode de formation d'un film mince en tant que partie d*une microplaquette k drcuit integre (LSQ qui comprend 

les etapes de preparation d'une cible de pulverisation cathodique selon Tune quelconque des revendicatlons 111 3. 
et de depdt du film mince par pulverisation cathodique de la cible de pulverisation cathodk|ue. 
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